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R627been conditioned (conditioned 
demonstrator, CD). As previous 
reports showed that prior experience 
with foot-shocks is necessary for the 
ability to respond to the distress of 
the demonstrator [6,8], experienced 
observer (EO) rats received 
unsignaled footshocks on the day 
prior to the social interaction. We 
measured the time that demonstrator 
and observer rats spent freezing, 
a robust fear response [4]. As 
previously shown Experienced (Figure 
1B), but not Naive (Supplemental 
Figure S1A in the Supplemental 
Information available on-line with this 
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Most of what we know about 
the neural basis of fear has been 
unravelled by studies using 
associative fear learning [1]. 
However, many animal species are 
able to use social cues to recognize 
threats [2,3], a defence mechanism 
that may be less costly than learning 
from self-experience. Most studies 
in the field have focused on species-
specific signals, such as alarm 
calls or pheromones, remaining 
unclear whether more generic cues 
can mediate this process. Here 
we report that rats perceive the 
cessation of movement-evoked 
sound as a signal of danger and its 
resumption as a signal of safety. To 
study transmission of fear between 
rats we assessed the behavior of 
an observer while witnessing a 
demonstrator cage-mate display fear 
responses. Having tested a multitude 
of cues, we found that observer rats 
respond to an auditory cue which 
signals the sudden immobility of the 
demonstrator rat — the cessation of 
the sound of motion. As freezing is 
a pervasive fear response in animals 
[4,5], silence may constitute a truly 
public cue used by a variety of 
animals in the ecosystem to detect 
impeding danger.
Recent studies have shown that 
rodents react to the distress of their 
cage-mates [6–8]. Our study aimed 
at examining the sensory cues that 
mediate transmission of fear between 
rats, a social species commonly 
used as a model organism in 
neuroscience. A pair of cage-mates, 
one demonstrator and one observer, 
interacted in a two-partition chamber, 
which allowed rats to see, hear, smell 
and touch each other (Figure 1A). 
During the social interaction (SI) test 
we presented a tone cue to which 
the demonstrator rat had previously 
Correspondences issue) observer rats, froze upon the display of fear by their cage-mate.
We then asked which responses 
of the conditioned demonstrators 
could trigger freezing in experienced 
observer rats. We started by 
quantifying the emission of ultrasonic 
distress calls during the social 
interaction, as their role in fear 
transmission is controversial [6,8]. 
We found that only one pair of the 
CD-EO group emitted distress calls, 
excluding the possibility that, in 
our experimental conditions, these 
mediate the transmission of fear 
between rats. 
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Figure 1. Cessation of the sound of movement mediates fear transmission between rats.
(A) Schematic of the behavioural paradigm to test transmission of fear. (B) Left panel, line 
graph showing freezing of CD-EO pairs (n = 8) over time during the SI test. Vertical dashed 
lines indicate time of each tone presentation. Right panel, line graph showing average freezing 
before and after the first tone presentation for demonstrators (CD) and observers (EO). Pre-
tone versus post-tone: demonstrators, V = 0, p = 0.031; observers, V = 1, p = 0.047. CD versus 
EO: pre-tone, U = 10, p = 0.039; post-tone, U = 28, p = 0.721. (See also Supplemental Figure 
S1A.) (C) Top, example sound spectrogram from the time around the first tone presentation, 
showing the transition from sound to silence. Arrow indicates the pure tone. Bottom, sound 
spectrogram of a representative segment of the sound used in the playback experiment. 
(D) Left panel, same as (B), where grey box indicates time of movement-evoked sound play-
back (n = 7). Right panel, bar graph showing freezing in the absence or presence of sound 
playback (indicated by red horizontal line): V = 28, p = 0.016. (E) Schematic of behavioral para-
digm testing for sufficiency of the cessation of movement-evoked sound in triggering freezing. 
(F) Left panel, line graph showing freezing of experienced and naive rats throughout the test 
session. Right panel, bar graph showing freezing during motion sound playback (red horizontal 
line) and during silence for naive and experienced rats. Pre silence versus silence: naive rats: 
V = 0, p = 0.061; experienced rats: V = 0, p = 0.008. Naive versus experienced: U = 2, p = 0.003; 
(see also Figure S1C). In all graphs mean ± s.e.m. are plotted; * and # denote p < 0.05. 
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R628Next, we examined whether 
observer rats could be detecting 
a change in the behavior of the 
demonstrator, such as the onset 
of freezing [4]. Indeed, it has been 
shown that visual cues mediate 
transmission of fear between mice 
[7]. To test the role of visual cues 
we performed the social interaction 
in the dark and found that both 
demonstrators and observers 
showed a strong increase in freezing 
upon the presentation of the first 
tone (see Supplemental Figure S1B). 
Hence, visual cues are not necessary
for observer rats to respond to the 
fear of the demonstrator. 
However, immobility of the 
demonstrator could also be detected 
through the lack of movement-evoked
sound. Indeed, during the baseline 
period rats moved around in the 
social interaction chamber producing 
rustling sounds, which decreased 
dramatically when the demonstrator 
rats started freezing (Figure 1C). To 
test this hypothesis, we triggered 
freezing in CD-EO pairs by presenting
the tone, but 90 s later we played the 
sound recorded from a rat exploring 
the box for three minutes (Figure 
1C). If the lack of movement-evoked 
sound — silence — is the cue that 
mediates freezing in observers, 
then playing the sound of the rat 
moving should abolish their freezing. 
As hypothesized, sound playback 
abolishes freezing by observers. 
Importantly, freezing resumed after the
playback, that is, silence reinstated 
freezing (Figure 1D and Supplemental 
Movie S1). In addition, freezing 
by the demonstrators remained 
undisturbed during sound playback, 
suggesting that during this period 
other cues could signal the distress 
of the demonstrator. These cues 
were, however, not sufficient to drive 
freezing in observers. Our results 
suggest that the sound of movement 
is indicative of safety and that its 
sudden cessation is perceived as 
threatening. 
Finally, we tested whether the 
cessation of movement-evoked 
sound was sufficient to trigger 
freezing in experienced rats. To this 
end, we placed experienced or naïve 
rats alone in the social interaction 
chamber (Figure 1E). During the 
test session the movement-evoked 
sound was played continuously, 
except for two one-minute periods 
of silence. Experienced, but not  
 
 
 
naïve rats, froze during the periods 
of silence (Figure 1F), consistent with 
our finding that only experienced 
observers freeze in response to the 
fear displayed by the demonstrator 
rat. Two alternative possibilities could 
explain this finding: silence may be 
aversive per se, or the sudden offset 
of the movement-evoked sound may 
signal danger and trigger freezing. 
To disentangle these possibilities 
we repeated the experiment above 
with experienced rats and added an 
arbitrary sound that was played for 
the entire session, filling the silence 
gaps. Experienced rats froze upon 
the cessation of the auditory motion 
cues even though the silence gaps 
were filled with another sound (see 
Supplemental Figure S1C). 
In conclusion, in our experimental 
conditions, observer rats did not rely 
on alarm calls or visual cues to detect 
fear. Instead, they use changes in 
auditory cues in the environment 
which are likely to signal the sudden 
transition from motion to immobility. 
We found that the absence of 
movement-evoked sound was 
necessary and sufficient to induce 
fear in observer rats. 
Several species use auditory 
cues to detect the presence of a 
predator either directly or indirectly 
through the defence responses of 
other individuals. The latter can 
be a multitude of species-specific 
auditory signals, both from their own 
or from other species [3,8–10]. As 
reported here, we found that rats use 
the cessation of movement-evoked 
sound to detect freezing by another 
rat. As freezing is a pervasive fear 
response present in a wide range of 
vertebrate species [4,5], we believe 
that silence constitutes a true public 
cue that rapidly spreads across 
animals within an ecosystem. Finally, 
this study will contribute to the 
current understanding of the neural 
mechanisms of fear, by providing a 
paradigm to study fear evoked by 
natural sounds.
Supplemental Information
Supplemental Information includes one 
figure, one movie and supplemental ex-
perimental procedures and can be found 
with this article online at http://dx.doi.
org/10.1016/j.cub.2012.06.015.
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